ABSTRACT: Three trials evaluated the protein and energy value of high-lysine corn for finishing calves. In Trial 1, 60 finishing steer calves were used to evaluate corn source (high-lysine vs control) and protein source (urea, blood meal [BM], corn gluten meal [CGM]) and level (BM and CGM addition: low, medium, high). Calves were individually fed using Calan gates for 102 d, and then were pen-fed (two pens per corn treatment) the remaining 83 d. During the initial 102 d, calves fed high-lysine corn had similar gains but were 6% more efficient ( P < .lo) compared with calves fed control corn. Performance did not differ ( P > .IO) among sources or levels of protein supplementation.
Introduction
During grain adaptation in the feedlot, dietary escape protein and microbial protein may not supply enough protein to meet the growth demand of the finishing calf (Sindt et al., 1993a) . In addition, supplementing the finishing diet of large-framed calves with natural protein compared with urea has improved efficiency approximately 3% (Sindt et al., 1993a,b; Stock et al., 19931 , indicating that metabolizable amino acids are limiting. In general, lysine and methionine have been hypothesized to be the firstlimiting amino acids in ruminant diets. Because corn escape protein is a good source of methionine and microbial protein is a good source of lysine, it is not clear which amino acid may be limiting in dry-rolled corn finishing diets.
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The response to feeding high-lysine corn to cattle has been variable. Nelson et al. (197 1) and Slabbert et al. ( 1988) observed increased daily gains and improved feed efficiency for steers fed high-lysine corn, whereas Thomas et al. (1975) observed lower gains and similar feed efficiencies for steers fed high-lysine vs control corn. Thus, the objectives of these studies were 1 ) to compare high-lysine and control corn on finishing calf performance, 2 ) to determine whether possible interactions exist between grain source (control and high-lysine corn) and protein source and level in altering gain and efficiency of finishing calves, and 3 ) to determine the effects of high-lysine corn on starch and N utilization in beef cattle.
Experimental Procedure

Finishing Trial
IPublished with the approval of the director as paper no. 10695, Sixty Charolais crossbred steers (BW = 260 2 4 kg)
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were blocked by weight and allotted randomly to 1 of fControl (20% molasses and 80% corn), blood meal (20% molasses, 57% blood meal and 23% corn), or corn gluten meal (20% molasses and 80% corn gluten meal) supplement. g132 g of monensinkg of premix. h88 g of tylosin,'kg of premix.
supplementation. All corn was grown under similar agronomic conditions in northeast Nebraska, was supplied by Crow's Hybrid Corn Company (Milford, IL), and was from similar genetic parentage. Protein source and level of supplementation were 1) urea 100% (100% of supplemental N needs), 2) urea plus 51% blood meal ( BM), 3 j urea plus 1.02% BM, 4) urea plus 1.53% BM, 5 ) urea plus .73% corn gluten meal ( CGM) , 6) urea plus 1.45% CGM, and 7 1 urea plus 2.16% CGM. The amount of urea was held constant across all diets (1.75%, DM basis via a molasses-urea supplement). Blood meal and CGM provided equal amounts of CP and their supplementation was in addition to urea. The levels of protein supplementation created diets that contained 13.0, 13.4, 13.8, and 14.2% CP for urea, low, medium, and high levels of escape protein, respectively. Ten steers were allotted to each corn diet supplemented with 100% urea. The remaining 40 steers were allotted to the escape protein treatments (10 steers per protein and corn source; 3, 4, and 3 steers were fed the low, medium, and high level of each escape protein source, respectively).
Steers were adapted to their final diets in 21 d using four adaptation diets containing 45 ( 3 dl, 35 ( 4 d), 25 ( 7 d), and 15% ( 7 d ) forage (DM basis). Forage was a mixture of sorghum silage and alfalfa hay in the adaptation diets. Final diets (Table  1) were formulated (DM basis) to contain 13 to 14.2% CP (depending on protein treatment), .70% Ca, .35% P, .70% K, 28 mg of Rumensin (Elanco Animal Health, Indianapolis, IN)/kg, and 11 mg of Tylan (Elanco Animal Healthlikg.
All cattle were implanted with Compudose (Elanco Animal Health), were fed individually using feed bunks equipped with Calan gates (American Calan Inc., Northwood, NH), and were housed in a modified oven-front barn with a gutter flush system. After 102 d, calves were pen-fed (two penshreatment; 15 steers/ pen) their respective control or high-lysine corn treatment (Table l) , CP was reduced to 11%, and urea was used as the only source of supplemental protein. Initial and 102-d weights were the average of weights measured on three consecutive days before feeding. Hot carcass weight adjusted for 62% dressing percentage was used to calculate final weight. Livers were scored by a modification of the Elanco Products Company ( 19 7 4) procedure using the following system: 0 = healthy liver; 1 = one or two small abscesses; 2 = two to four small active abscesses; 3 = one or more large abscesses; 4 = adherence of abscess to diaphragm or digestive tract. Quality grade and 12th rib fat thickness were recorded after carcasses were chilled for 48 h. Dietary ingredients were collected weekly to determine DM content. Samples were placed in a forced-air oven and dried at 60°C for 48 h. The NEg of the control and high-lysine corn diets was calculated from calf performance for each pen of steers and includes the grain adaptation period as well as the entire finishing period ( 0 to 185 d). The net energy required for gain ( NEgR) was calculated by the equation NEgR = .0557 W.75 (ADG1.0g7), where NEgR is the net energy required for daily weight gain (ADG) and W is the mean body weight (NRC, 1984) . The NE content of the diets for gain and maintenance was assumed to fit the relationship NE, = 377 NEm -.41 (derived from NRC, 1984; Zinn, 1989) . By the process of iteration, the NEg and NEm contents of the diets were calculated to fit the equation DM1 = (NEgR/ NE,) + (NEmR/NEm). Grain samples were collected weekly, composited, and analyzed later for starch content, in situ and in vitro rate of starch disappearance, and amino acid profile after 12 h of in situ incubation.
In Situ and In Vitro Digestion. Eight crossbred steers ( B W = 618 f 20 kg) fitted with permanent plastisol cannulas in the rumen were used to evaluate in situ digestion of dry-rolled control and high-lysine corn. Two steers were used in two in situ incubation periods and six steers were used in a third in situ incubation period. The steers were maintained on a 90% dry-rolled corn diet. Surgical procedures and postsurgical care were the same as outlined by Stock et al. (199 l ) , and all procedures had been reviewed and accepted by the University of Nebraska Institutional Animal Care Program.
Dry-rolled control and high-lysine corn samples ( 7 g) were incubated in duplicate 10-cm x 20-cm Dacron bags (52-pm pore size). Incubation times were 4, 8, 12, 18, 24, and 48 h. Bags were placed in the rumen in reverse order of incubation time, which allowed simultaneous removal of all bags. After incubation, bags were rinsed with warm tap water until the rinse water was clear, dried for 48 h at 55"C, and weighed. Incubated grain samples were ground through a l-mm screen (Cyclotec mill; Tecator Model 1093, Hoganas, Sweden) and were analyzed for starch content using a procedure outlined by MacRae and Armstrong ( 19681, and modified by Wester et al. (1992) . Rate of starch disappearance was calculated by regressing the natural log of percentage of starch remaining in the sample against incubation time. The slope of the regression line represents fractional rate of starch disappearing per hour. Amino acid profile for each grain, and a subsample of their respective 12-h in situ incubation, were determined using ionexchange chromatography (Waters HPLC, Milford, MA).
In vitro starch content in control and high-lysine corn was determined as a-linked glucose polymers by the procedures described previously. Grain samples were prepared by grinding samples through a l-mm screen in a Cyclotec mill. Duplicate .5-g samples of ground corn were weighed into 125-mL Erlenmeyer flasks. Samples were suspended in 50 mL of .5 M sodium acetate buffer (pH 5.0) and 100 ,uL of heatstable a-amylase (Termamyl 120L, #TC-1000-2436, Fisher Scientific, Pittsburgh, PA) was added. Samples were autoclaved at 121°C for 30 min and an additional 100 pL of heat-stable a-amylase was added. Flasks were then placed into a boiling water bath for 1 h. Samples were allowed to cool to S 60°C. Any visible DM clinging to the sides of the flask was scraped back into the solution with a rubber policeman and 2.5 mL of amyloglucosidase (#A 7255, Sigma Chemical, St. Louis, MO) solution (250 units/mL) was added and the samples were incubated for 24 h at 60°C. The suspensions were filtered through fast qualitative filter paper (#410, Schleicher & Schuell, Keene, NH) into 100-mL volumetric flasks. Samples were brought to volume with .2% (wt/vol) added benzoic acid to inhibit microbial growth in the samples. An aliquot was stored at 4°C until analysis for glucose was conducted using an automated procedure (Technicon Instruments, Tarrytown, NY). Starch content was calculated by multiplying the glucose concentration by .9.
In vitro rate of starch disappearance ( IVRSD) was measured by incubating .5-g samples of ground grain (control and high-lysine) in ruminal fluid for 4, 8, 12, 16, 24, or 48 h. Duplicate samples were weighed into 50-mL polypropylene centrifuge tubes. Ruminal fluid inoculum was prepared by obtaining aliquots of whole ruminal contents from two fistulated steers. One steer was maintained on a 90% dry-rolled corn diet and the other was fed alfalfa hay. Ruminal contents were strained through four layers of cheesecloth and equal volumes from each steer were mixed into a prewarmed insulated container. The ruminal fluid was poured into separatory funnels, gassed with C02, and placed in a 39°C water bath for approximately 20 min. Particulate matter that settled in the separatory funnel was discarded, as was floating material. The inoculum was prepared by mixing 1 part separated ruminal fluid: 1 part warmed (39°C artificial saliva (McDougall, 1948) to which 1 g of urea/L had been added. The prepared inoculum was gassed with C02. Fifteen milliliters of inoculum was added to duplicate grain samples. Tubes were swirled to ensure the sample was suspended. Another 5 mL of artificial saliva was used to rinse DM from the sides of the tube. Tubes were gassed with C02, stoppered with vented stoppers (approximately 1 mm diameter hole), and placed in a 39°C water bath. Tubes were swirled every 4 h during the incubation. Fermentation was halted by adding 15 mL of cold (4°C) 1.0 M sodium acetate buffer (pH 5.0) with .2% (wt/vol) benzoic acid.
Starch remaining in digested samples was determined as described previously except for the following modifications. All reactions were carried out in centrifuge tubes. Tubes were centrifuged for 20 min at 1,500 x g before filtering. The IVRSD was calculated by regressing the natural log of percentage of starch remaining in the sample against incubation time. Rate values were an average of replications conducted on three different days.
Metabolism Trial
Five crossbred steers (BW = 452 2 29 kg) fitted with permanent plastisol cannulas in the rumen and double L-shaped cannulas (Streeter et al., 1991) in the duodenum (approximately 15 cm posterior to the pylorus) and ileum (approximately 30 cm anterior to the ileal-cecal junction) were used in two feeding periods to evaluate the effect of high-lysine corn on site and extent of OM, starch, and N digestion in beef cattle. High-lysine corn was from the same source used in the feedlot, in vitro, and in situ trials, but the control corn was from a different source. Surgical procedures and postsurgical care were the same as outlined by Stock et al. ( 199 l ) , and all procedures had been reviewed and accepted by the University of Nebraska Institutional Animal Care Program. Steers were housed in 1.5-m x 2.4-m individual pens in a 25°C temperature-controlled room.
Steers were blocked by period and assigned to one of two corn treatments, control or high-lysine. Chromic oxide (.25% of diet DM) was used as an indigestible flow marker. Steers had ad libitum access to the 90% concentrate control diet for 2 wk before initiation of the experiment. Diets (Table 2 ) were fed every 2 h by automatic feeders. Steers were fed as much DM as possible without appreciable amounts of orts accumulating after each 2-h period. Each period consisted of a 10-d adaptation period and a 2-d digesta sampling period. Diet, ort, digesta, and fecal samples were collected on d 11 and 12 of each period. Approximately 200 mL of duodenal and ileal contents and 200 g of fecal (grab sample) contents were collected every 4 h. Sampling time was advanced 2 h on d 12, such that every other hour of a 24-h cycle was represented in digesta collections. Samples were composited on a volume basis by steer across time, within each period. Diet subsamples were oven-dried at 60°C for 48 h. Duodenal, ileal, and fecal subsamples were lyophilized. All samples were ground through a l-mm screen in a Cyclotec (Model 1093) mill. Feed, ort, duodenal, ileal, and fecal samples were analyzed for DM, Kjeldahl N, (AOAC, 19751, Cr (Williams et al., 19621, and starch (MacRae and Armstrong, 1968) . Dry matter flow (gramsiday) at the duodenum and ileum and fecal output were calculated by dividing Cr intake (grams/ day) by Cr concentration in the digesta or feces. Individual feed constituent flows were calculated by multiplying feed constituent concentrations (DM basis) by DM flows. Microbes were isolated from ruminal fluid by differential centrifugation as described by Zinn and Owens (1982) . Microbial and duodenal samples were hydrolyzed (Czerkawski, 1974) and analyzed for diaminopimelic acid (DAP 1 by ion-exchange chromatography.
Statistical Analysis.
Finishing performance and carcass traits were analyzed as a randomized complete block design using the GLM procedures of SAS (1985) . In the analysis of the first feeding phase ( 0 to 102 d ) , individual steers were used as the experimental units. Treatment means were tested for corn type, protein source, and corn type x protein source In situ and in vitro rate of starch disappearance and amino acid profiles were analyzed as a randomized complete block design (SAS, 1985) . The models included grain source and period for in situ rate of starch disappearance, grain source and run for in vitro rate of starch disappearances, and grain source for comparison of amino acid profiles.
In the metabolism trial, data were analyzed as a randomized complete block design according to the GLM procedures of SAS ( 1985) . The model included steer, period, and grain treatment. Least squares means were computed because two steers had nonfunctioning ileal cannulas. Treatment means were separated by the protected Least Significant Difference Method (Steel and Torrie, 1980 ) when a significant ( P < . l o ) treatment F-test was detected.
Results and Discussion
Finishing Trial
Daily gain and feed efficiency of calves fed control or high-lysine corn did not differ ( P > .20) among sources or levels of protein supplementation during the initial 102 d (Table 3) . Other researchers have reported no response t o escape protein supplement in finishing diets (Loerch and Berger, 1981; Plegge et al., 1983; Sindt et al., 1994) . However, these findings are in contrast to those of Stock et al. (19931, (30 steersitreatment).
meal, and feather meal combinations) improved feed efficiency of calves adapting to high-concentrate finishing diets.
Lack of response to supplemental escape protein indicates that a deficiency in metabolizable protein was not limiting animal performance in this trial. Corn is generally thought of as an energy source in the finishing diet. However, corn provides a substantial amount (60 to 70%) of the crude protein as well. Corn has an escape protein value of approximately 64% (Sindt et al., 1993a) ; thus, the high-grain finishing diet provided adequate metabolizable protein (escape corn protein plus microbial protein) to meet the animals' metabolizable protein needs.
Calves fed high-lysine corn diets tended ( P = .11) to consume less DM, gained similarly, and were 6% more efficient ( P c . l o ) over the initial 102 d compared with calves fed control corn (Table 4) . After 102 d, calves were pen-fed (two penshreatment) their respective control or high-lysine treatment, and urea was the source of supplemental protein. Over the entire 185-d feeding period, DM1 and gains did not differ ( P > .lo) between calves fed high-lysine and those fed control corn, but calves fed high-lysine corn were 10% more efficient ( P <: .lo) than calves fed control corn. Based on calf performance, high-lysine corn contained an average of 1.75 Mcal of NEg/kg (1.12 times more energy than control corn) for calves. These data support those of Nelson et al. (197 1) and Slabbert et al. (1 9881, which showed improved feed efficiency for steers fed whole high-lysine corn, compared with steers fed whole normal corn finishing diets, and that of Stock et al. (19931, which showed increased daily gains and improved feed efficiency for steers fed dry-rolled high-lysine corn compared with steers fed normal dry-rolled corn. In contrast, Thomas et al. ( 19 7 5 ) observed lower weight gains and similar feed efficiencies for steers fed high-lysine corn diets compared with steers fed normal corn diets.
ET AL. At slaughter, no differences ( P > .20) in quality grade or liver abscess score were observed. Cattle fed high-lysine corn had less 12th rib fat thickness ( P = .lo) than those fed the control diet. Biologically, this small difference (.88 vs .96 cm> in fat thickness was insignificant.
In Situ and In Vitro Digestion. Statistical analysis of the amino acid profiles of the control and highlysine corn was not performed (Table 5) ; however, the lysine values resemble amino acid profiles of normal and high-lysine corn reported by Thomas et al. ( 19 7 5 (.29 and .37%, respectively), Thomas et al. (1976) (.29 and .33%, respectively), and Slabbert et al. (1988) (.25 and .35%, respectively) . Kornegay et al. (1975) reported that lysine content of 18 high-lysine corn samples ranged from .30 to .46% (data adjusted to 100% DM basis) with an average of .37% lysine. For the 12-h in situ incubation period (Table 6 ), DM disappearance was 18% greater ( P = .12) and CP disappearance was 27% greater ( P c .05) for highlysine corn than for control corn. These data support those of Redd et al. (19751, who noted a greater percentage of dietary N reaching the abomasum, and lower plasma urea N plasma for steers fed normal corn than for steers fed high-lysine corn. Thus, highlysine corn should have been more extensively degraded in the rumen than normal corn. According t o Cronje ( 1985) there is a reduction of 50 to 75% in the zein endosperm fraction of high-lysine corn and a simultaneous increase in the globulins, albumins (soluble proteins), and glutelins relative to normal corn. Thus, improvements in cattle performance associated with high-lysine corn may be a result of improved protein quality or a more accessible starch fraction in the grain. Amino acid profiles of the grain residue from the 12-h in situ incubations (Table 5 ) were similar for aspartic acid, threonine, valine, and isoleucine content. Twelve-hour incubation of the control corn resulted in grain residue containing greater ( P c . l o ) proportions of serine, glutamic acid, alanine, methionine, leucine, tyrosine, and phenylalanine, and proportionally less ( P < . l o ) glycine, cysteine, lysine, histidine, and arginine than in 12-h residue of highlysine corn. Differences in amino acid composition of partially digested grain exiting the rumen may be diluted with microbial protein t o the point where differences in amino acid concentrations in the digesta no longer exist. Redd et al. ( 19 75) found no differences in the quantity of individual amino acids reaching the abomasum of steers fed diets of cracked, normal, or high-lysine corn.
In situ rate of starch disappearance (Table 6 ) for dry-rolled high-lysine corn (as-fed in finishing trial) was faster ( P < .lo) than that for dry-rolled control corn (4.1 vs 3.l%/h, respectively). In vitro rate of starch disappearance of ground (for laboratory evaluation) high-lysine corn was numerically 21% faster ( P = .26) than that of ground control corn. Wester et al. ( 1992) has shown that in vitro rate of starch disappearance in grain sorghum is highly correlated to feed efficiency, which may explain the improvements in feed efficiency in this trial.
Metabolism Trial. Because two steers had nonfunctioning ileal cannulas, digestion will be discussed as ruminal and post-ruminal digestion. Organic matter intake, and apparent OM digestibility in the rumen, post-rumen, and total tract were not different ( P > . l o ) between corn diets (Table 7) . Similar total tract OM digestibilities have been reported (80.6 and 83.8%) by Turgeon et al. (1983) and Spicer et al. (19861, respectively . Starch intake (Table 7) was not different ( P > . l o ) between control and high-lysine corn diets. Although ruminal and post-ruminal (percentage of entry) starch digestibilities were not different ( P = .23 and .18, respectively) between control and high-lysine corn, their numerical increases resulted in high-lysine corn having higher ( P c .lo) Turgeon et al., 1983; 77.7%, Owens et al., 1986; 70.7% Larson, 1992 (1986) suggested that total tract starch digestibility is related more to extensive digestion in the rumen than to digestion in the small intestine, which our results tend to confirm. Nitrogen intake, and apparent ruminal, post-ruminal, and total tract N digestion were not different ( P > .lo) between steers fed control and those fed highlysine corn diets (Table 8) . Efficiency of N digestion, postruminally was not different ( P > .47) and was similar to small intestinal N digestibilities reported by Zinn and Owens (1983) and Streeter et al. (1989) .
Because the performance of cattle fed high-lysine corn was not affected by the supplementation of BM or CGM, and high-lysine corn had faster in situ and in vitro rate of starch digestion, and greater total tract starch digestion, the higher efficiency of the finishing calves fed high-lysine corn was due to improved energy utilization and not to the additional lysine content.
Implications
Recent improvements in the grain yielding capacity of high-lysine corn hybrids make high-lysine corn a viable alternative to normal corn hybrids for livestock feeding. Enhanced cattle performance may further economically offset the reduction in grain yields associated with high-lysine corn. Improved calf performance seems to be related to the indirect selection for improved energy utilization of the grain.
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